, is a conventional structure, widely used as a laminated ceramic/metal diaphragm. Category B in Fig. 3(b) can be constructed when the piezoelectric sheet can be clamped. The surface metal layer out of radius a should be removed for efficient bimorph function, except for a part for electrical connection. Category C shown in Fig. 3(c) shows a symmetrical bimorph made of two piezoelectric sheets. Two sheets are polarized in opposite directions and the output voltage is generated between metal layers on the upper and lower surfaces, which are also patterned after the shape shown in Fig. 3(b) .
In these structures, Categories A and C are considered for the following response calculation. The reason is that the Category B diaphragm seems to be inferior to others, for the following reasons: (a) Response for Category B is lower than that for Category C, because the diaphragm of the latter is of a symmetrical structure made of two piezoelectric sheets.
(b) Diaphragm for Category B seems to be more difficult to make into a firm diaphragm than that for Category A, because the diaphragm base for Category A need not show piezoelectricity. Therefore, it is possible to select firm material for the base without concern about any piezoelectric quality. These factors have been confirmed by several experiments.
RESPONSE FORMULATION
Because a piezoelectric electroacoustical transducer is a reversible one, it is possible to calculate both its response for microphone function and that for receiver function. The microphone response is defined as follows The moment Mv in this formula is given by Eq. (6). If it is assumed that Eqs. (8), (9) and (10) are satisfied, USM is reduced as (23) where, Mv is given by Eq. (13).
The receiver response and the microphone response for the reference model are denoted as KRM and KTM, respectively. Then, it is possible to normalize KR and KT for Category A or Category C.
From Eqs. (12), (17) and (23) Fig. 8 Relation between diaphragm diameter and thickness. without using a very thin piezoelectric sheet.
EXPERIMENTAL
This section describes some results obtained by checking characteristics for the composite bimorph microphone structure on the bases of several experiments. First, microphone diameter is discussed. The conventional smallest size microphone model for a telephone set was the TR-70 electromagnetic transducer, whose diameter was 23 mm and whose diaphragm diameter, 2a, was 20 mm.11) Referring to Fig. 8 , we can see that the following two diameters will be convenient for the presently discussed microphone. Size (m): 2a=17 mm (assuming some 22 mm microphone size). Size (s): 2a=9mm (some 13 mm size). Actual response values were measured by acoustical driving technique using a coupler and a standard receiver.
Responses for individual samples were about 13 dB lower than the estimated values. Some of the reasons are enumerated as follows: (1) Increase in apparent diaphragm stiffness:
The actual resonant frequencies were higher than those calculated. Causes are both increase in the apparent diaphragm stiffness, due to the adhesive layer effect or unavoidable static tension, caused by clamping, and decrease in the effective diaphragm mass, due to the change in the vibrating mode. The former brings about a decrease in the response. Table 4 describes some measured quantities for diaphragm samples A and D. Their measured effective diaphragm areas were equal to or less than those calculated. Assuming that the effective mass is proportional to this area difference, it is possible to estimate apparent diaphragm stiffness increase from the calculated value, using the resonant frequency increase. As shown in Table 4 , the results, which give response decrease, were 3.6 dB or 4.5 dB.
(2) Capacitance increase by the clamped part of the diaphragm: As is suggested by Figs. 3(b) and (c), the capacitance between two clamp rings is unavoidably joined parallel with the microphone capacitance. For example, the capacitance due to only the bimorph part of sample A was 560 pF, the capacitance due to its clamp rings was 310 pF and the coaxial lead for the measurement was 90 pF. Therefore, apparent response was estimated to be -4.7 dB lower than that when there were no outer capacitances.
Thus, 8.3 dB out of 14 dB for the response decrease from the calculated value for sample A can be explained. Consideration about other causes for the response decrease will be a topic for future research.
However, these measured response, -81 dB for model (m) and -90 dB for model (s), are sufficient for practical purposes. Therefore, their frequency response is studied in the next stage. Figure 10 shows the concept of a microphone con-
